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1. Introduction 

After many years of expectations, LHC is currently probing the mechanism of 
electroweak symmetry breaking (EWSB)[lJ. In fact, LHC has provided great results 
and we know now that only an small mass window remain open for the SM Higgs mass, 
namely 116 < rrihiggs < 130 GeV [2]. This results are consistent with the analysis of 
electroweak precision of a Higgs mass around 125 GeV [3j. If this result is confirmed by 
future analysis, we will have one of the greatest discoveries of mankind. On the other 
hand, the SM is often considered as an effective theory, valid up to an energy scale of 
0(TeV), that eventually will be replaced by a more fundamental theory [4], which will 
explain, among other things, the physics behind EWSB and perhaps even the origin of 
flavor. Many examples of candidate theories, which range from supersymmetry [5] to 
strongly interacting models [6 J as well as some extra dimensional scenarios [7], include 
a multi-scalar Higgs sector. In particular, models with two scalar doublets have been 
studied extensively [8], as they include a rich structure with interesting phenomenology 

Several versions of the 2HDM have been studied in the literature [10] . Some models 
(known as 2HDM-I and 2HDM-II) involve natural flavor conservation |llj . while other 
models (known as 2HDM-III) [10], allow for the presence of flavor changing scalar 
interactions (FCNSI) at a level consistent with low-energy constraints [12J. There are 
also some variants (known as top, lepton, neutrino), where one Higgs doublet couples 
predominantly to one type of fermion [13] , while in other models it is even possible to 
identify a candidate for dark matter [14]. The definition of all these models, depends 
on the Yukawa structure and symmetries of the Higgs sector [151 EEl UJ HEl US] , whose 
origin is still not known. The possible appearance of new sources of CP violation is 
another characteristic of these models [20J . 

In this paper we aim to discuss FCNC within general version of the Two-Higgs 
doublet model (2HDM-III), which incorporates flavor and CP violation from all possible 
sources [2TJ [221 EH] . Within model I (2HDM-I) where only one Higgs doublet generates 
all gauge and fermion masses, while the second doublet only knows about this through 
mixing, and thus the Higgs phenomenology will share some similarities with the SM, 
although the SM Higgs couplings will now be shared among the neutral scalar spectrum. 
The presence of a charged Higgs boson is clearly the signal beyond the SM. Within 
2DHM-II one also has natural flavor conservation [TT], and its phenomenology will 
be similar to the 2HDM-I, although in this case the SM couplings are shared not 
only because of mixing, but also because of the Yukawa structure. The distinctive 
characteristic of 2HDM-III is the presence of FCNSI, which require a certain mechanism 
in order to suppress them, for instance one can imposes a certain texture for the Yukawa 
couplings [24] , which will then predict a pattern of FCNSI Higgs couplings [25] . Within 
all those models (2HDM I,II,III) [26 | 127 1 125] . the Higgs doublets couple, in principle, 
with all fermion families, with a strength proportional to the fermion masses, modulo 
other parameters. 
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There are also other models where the Higgs doublets couple non-universally to 
the fermion families, which have also been discussed in the literature [13, 29, 30J. In 
principle, the general model includes CPV, which could arise from the same CPV phase 
that appears in the CKM matrix, as in the SM, from some other extra phase coming 
from the Yukawa sector or from the Higgs potential [31]. However, in order to discuss 
which type of CP violation can appear in each case besides containing a generic pattern 
of FCNSI, moduled by certain texture, will include new sources of CPV as well. 

In this paper we are interested in finding a signal of both FCNC and CPV. In 
particular, we identify the decay h — > cbW~ as a possible reaction where such test can 
be done. This decay process though the flavor current verex tch, which is not severely 
constrained by data, and is also sensitive to the presence of CPV phases. We define 
a decay asymmetry to probe the CPV. The organization of the paper goes as follows: 
section 2 includes the model formalism, which is based on the results of ref. [32], and two 
considered scenarios. Section 3 contains the estimation of the width decay, branching 
ratio and CP asymmetry coefficient. Finally, the conclusions. 

2. General two Higgs doublet model with textures in Yukawa matrices 

The scalar field content of the model is two doublets under SU(2) L with hypercharges 
Y\ = Y 2 — 1/2. The model is classified by choice of the Higgs potential and the scalar- 
fermion couplings. The simpler versions are considered when the potential is invariant 
under Z 2 discrete symmetry and none of the doublets couples simultaneously to the up- 
type and down-type fermions. These are known as 2HDM type I and II. In type I, only 
one of the doublets couples to fermions [gordon fest]. In type II, one doublet couples to 
up-type fermions, the other to down-type fermions to prevent tree-level FCNCs [gordon 
fest]. Type III is more general and realistic model which allows all possible Higgs- 
fermion couplings [gordon-sher] . This work is based on 2HDM type III with a general 
potential which contains explicit and spontaneous CP violation. 

2.1. General Higgs potential and Higgs mass-eigenstates 

We follow closely the formalism developed and notation introduced by [32] . The most 
general gauge invariant renormalizable Higgs scalar potential in a covariant form with 
respect to global U(2) transformation is given by 

V = Y arb ^ b + \z al - d (4$ b ) (4$,) , (1) 

where <3> a = (0+, 0°) and a,b,c,d are labels with respect to two dimensional Higgs 
flavor space. The index conventions means that replacing an unbarred index with 
a barred index is equivalent to complex conjugation and barred. unbarred index pair 
denotes a sum. The most general £7(l)EM-conserving vacuum expectation values are 

™-£tt)- (2) 
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Table 1. Mixing angles for Higgs bosons which consider spontaneous and explicit 
CPV 021. 



where ( Vi, t>2 ) = e%r] ( cos/3, sin/3e^ J and v = 246 GeV. The covariant form for 
the scalar potential minimum conditions is 

' ' (3) 



vv. 



Y a b + n V ZabcdPcVd 



0. 



The Higgs mass-eigenstates of the neutral Higgs bosons are explicitly derived in Ref. 
The expressions for Higgs bosons in terms of the generic basis is 



-7=$? (qkiVa + q k 2W a e id23 ) 



V2 



(qt^ + q k 2*w^ ie ^i 



(4) 



for k — 1, ...,4, where ^1,2,3 are the neutral physical Higgs bosons and h^ = G° is the 
goldstone boson. The parameters g&i^ are functions of the neutral Higgs mixing angles 
and the explicit values are shown in table [TJ It is possible to invert the expression (jlj) 
and the result is given by 

G+v a + H + w a 

T^a + -^ Efc=l {qklVa + qk2e~ e23 Wa) h k 



$„ 



(5) 



where vol 



-hi 



sin/3e ^, cos/3 



2.2. Higgs- fermions couplings 

We focus on quarks fields with analogous treatment for leptons. The most general 
structure of the Yukawa lagrangian for the quark fields can be written as follows: 



quarks = tf LY DQ i( f R + g0 yD^ + ^yU^^ + ^yll^^ + ^ (g) 



rU,D 



where Y^ are the 3x3 Yukawa matrices, qi denotes the left handed quarks doublets 
and ur, oIr correspond to the right handed singlets. The superscript zero means that 
the quarks are weak eigenstates. Here 4>\,2 = io~2<Pi 2 - After getting a correct SSB 
[48| 09j EH EI], the Higgs doublets are decomposed as shown in ((5]) and the neutral 
scalar and pseudoscalar couplings within up-type quarks in mass eigenstate basis are 



C 



neutral 
up 



U; 



(S$ iT + 7 5 ^jr) UjH r + UiM^jUj, 



(7) 



where we have denoted the scalar and pseudoscalar couplings as 
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-idn 
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(9) 



2V2sin/3 

respectively. The mass matrices are given as follows: 

\/2 V2 2 

and 

M D = iLyf + e*^Y 2 D , 

where % = U L Y^ 2 U R and Y$ = D L Y» 2 D R with u LA = U L , R u% R and d L , R = D LtR d° L>R . 
The vacuum expectation values V\ and t> 2 are real and positive, while the phase £ 
introduces spontaneous CP violation. Analogously, the down-type quarks are 

C™%* = d % {Sf jr + j 5 Pf jr ) d 3 E r + diMgdj, 



(10) 
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For completeness, the Yukawa couplings for charged Higgs bosons is written as 



(14) 



Cf = u 



H + e- i ^M u V 1 —^ - H + e-^VM D ^f- 



cos/3 
+ h.c, 



H + VY 



D- 
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(15) 



where V denotes the CKM matrix and physical eigenstates for the charged Higgs boson 
(H^) can be obtain through (JSJ). 



2.3. Universal Yukawa textures 

Suppression for FCNC can be achieved when a certain form of the Yukawa matrices that 
reproduce the observed fermion masses and mixing angles is implemented in the model. 
This could be done either by implementing the Frogart-Nielsen mechanism to generate 
the fermion mass hierarchies [39], or by studying a certain ansatz for the fermion mass 
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matrices [23]. The first proposal for the Higgs boson couplings [23], the so called Cheng- 
Sher ansazt, was based on the Fritzsch six-texture form of the mass matrices, namely: 



Mi 



( C q \ 
C* B q 



(16) 

V ° B l A * I 

Then, by assuming that each Yukawa matrix Y± 2 has the same hierarchy, one finds: 
A q ~ m q3 , B q ~ ^/ rfl q2 m qz an d Cg — ^ m q 1 m q 2 - Then, the fermion-fermion'-Higgs 
boson (ff°) couplings obey the following pattern: Hfifj ~ ^/fnJTnJ'. j 'm w , which is 
also known as the Cheng-Sher ansatz. This brings under control the FCNC problem, 
and it has been extensively studied in the literature to search for flavor-violating signals 
in the Higgs sector 

In our previous work we considered in detail the case of universal four-texture 
Yukawa matrices [12] , and derived the scalar-fermion interactions, showing that it was 
possible to satisfy current constraints from LFV and FCNC (3QJ ST]. Predictions for 
Higgs phenomenology at the LHC was also studied in ref. [4*2~||4"3]. We can consider this 
a universal model, in the sense that it was assumed that each Yukawa matrix Y"/ 2 has 
the same hierarchy. 

2.4- FCNC and CPV Feynman rules 

The Higgs-fermions interactions and the scalar potential of the general 2HDM contain 
several sources of CPV and FCNC. In order to explore these sources we consider some 
limiting cases. As it is discussed in previous sections, the assumption of universal 4- 
textures for the Yukawa matrices, allows to express one Yukawa matrix in terms of the 
quark masses, and parametrization of the FCNSI in terms of the unknown coefficients 
Xij, namely Y^j = Xij v*™ 3 . These parameters can be constrained by considering all 
types of low energy FCNC transitions. Although these constraints are quite strong for 
transitions involving the first and second families, as well as for the b-quark, it turns 
out that they are rather mild for the top quark. In this paper we shall consider two 
scenarios: 

A) Explicit CPV in the Higgs sector. In this case we assume the hermiticity condition 
for the Yukawa matrices, but the Higgs sector admits explicit CP violating. Then, from 
(jHJ) and (jH]), one obtains the following expressions for the couplings of the neutral Higgs 
bosons with up-type quarks, namely: 



1 /Tfl'Tfl ' 

S? jr = -Ml (q rl + cot /3Re [g r2 ]) + V \ ° X ij (Re [q r2 ]) (17) 

J v \/2i>sinp 

and 

P t u jr = l -Mlcotf3lm[q r2 }, (18) 

similar expressions can be obtained for the down-type quarks and leptons. 

B) CP conserving Higgs sector. In this case we shall consider that the Higgs sector is 

CP conserving and the Yukawa matrices could be also hermitian. Then, without loss 
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of generality, we can assume that h 3 is CP odd, while h\ and h 2 are CP even. Then: 
cos#i2 = sin (/3 — a), sin6 l 1 2 = cos (/3 — a), sin#i 3 = 0, and e~ tdl3 = 1. The mixing 
angles a and (3 that appear in the neutral Higgs mixing, corresponds to the standard 
notation. Additionally, when one assumes a 4-texture for the Yukawa matrices, the 
Higgs- fermion couplings further simplify as Kjy = Xij v m * mj . Then, the corresponding 
coefficients for up sector and h° (r = 1) are 

S- = -M^ [sin(/3 - a) + cot/3cos(/3 - a)} + v 7 ^?^ C ° s( ^ ~ a) (19) 
tJl v ll L v 7 v 7J v/2w sin/3 v 7 

For H° (r = 2) one finds: 

Sf j2 = -M^ [cos(/3 - a) + cot /? sin(/3 - a)] + ^p*?j MP ~ a ) , (20) 



\f2v sin /? 



Finally, for A (r = 3) one obtains: 



r$s = ir t <«*P-i ¥£ -l ( 21 ) 



—M„ u - cot /5 - 2-^-7= 

2v l] 2V2wsin/3 

Note that under hermiticity of the Yukawa matrices the P£j r couplings for the h° and 
H° and the coupling Sfj 3 for the A are vanished. 

3. The Higgs decay h —■ cbW~ 

In this section we shall evaluate the width of the decay h — > cbW~ and its respective 
branching ratio. Besides the decay width and branching ratio, we are also interested 
in defining a decay asymmetry coefficient for the decay h — > cbW in order to analyze 
presence of both FCNSI and CPV within the 2HDM. We consider the neutral Higgs 
boson decay h — > Wbc at tree level. Two diagrams contribute to this decay, the first 
one is through the FCNC coupling h — > t*c — > W~bc, its Feynman diagram is shown 
on figured! The other one goes through h — > W + *W~ — > W~bc, see figure [2 The 
amplitude for these diagrams is thus 



\M\ =\Mi\ +\M 2 \ +M\M 2 + MlMi (22) 

We can obtain an approximation when the terms proportional to the charm and bottom 
masses are neglected. Then, the explicit expressions are 

W 2 = Tj£r \Pt\ 2 {1^231 + P23lf [4 (Pi " P2) (Pi • q) (ps ■ q) 



w 



+2M^ (p 2 ■ q) (p 3 • q) - M 2 w q 2 (p 2 • p 3 ) - 2q 2 ( Pl ■ p 2 ) ( Pl • p 3 ) 



_|_7r, 2 I Q« _ p« I 2 
^'''t l°231 -* 231 1 



'Mw (P 2 ■ Pa) + 2 (Pi ■ P 2 ) (Pi ■ Pa)] } , (23) 

W 2 = 9 4 (qu) 2 \V cb \ 2 \Pw(k)\ 2 {MwP2 ■ P3 + 2p! ■ p 2 pi ■ p 3 ) , (24) 



4 

A4.M 2 + M\M 1 = g -^qxiV ch P w (k) (M^p 2 • p 3 + 2pi • p 2 Pi • Ps) 

[Re (^ 31 + P 2 " 31 ) ReP 4 - Im (^ 31 + P« 31 ) ImP t ] , (25) 
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Figure 1. Tree level 
Feynman diagrams for 
h — ► W'bc. 




Figure 2. Tree level 
Feynman diagrams for 
h — > W~bc. 



where P w (k) = (k 2 - M^ + iM w T w ) l and P t (q) = (q 2 - m 2 + im t T t ) \ Then, the 



decay width is 



9 4 m h 



I ^231 ~~ ^231 1 h + 1^231 + -^231 1 -^2 + <Zn | Kft| ^3 



h->Wbc 256vr 3 I 

+ Re(5 2 " 31 + P^quVcbh - Im(^ 31 + P? 31 )q n V cb I 5 ] (26) 

The analytical expressions and numerical values for the integrals Ji,...^ are shown in 
appendix. For scenario A 



T A - 

h^tWbc 



9 A m h 
256vr 3 



I X23 1 2 m c m t v 2 



sin 2 9 12 
2 sin 2 (3 



(h + h 



+ \V cb \ cos 2 012 cos 2 0i 3 / 3 

_! Sin 012 COS 012 COS 013 

+ V cby /m~m t v , 

2smp 

[J 5 Im (X23) - ikRe Ctta)]} > 



while for scenario i? we have: 



h->W&c 2567T 3 



_ 2 cos 2 (/3-a) 2 

m c m * W » • 2 „ U23 1 (il 



2 sin^ 



+ \V cb \ 2 sin 2 ([3- a) I 3 



V cb sjm c m t v 



^sin (j3 — a) cos (/3 — a) 



2sin/3 
(/ 4 Re(x23) -/ 5 Im(x23))], 



(27) 



(2c< 



5. 1 . Branching ratio for h — > cbW 

Since the analysis of electroweak precision test favors a Higgs mass in the range 
115 < mh < 160 GeV, we should consider Higgs decay modes that could complete 
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with the dominant decay in this window, which in most models is h — > 66, although 
h —y WW* h —¥ ZZ* could also significant contribution. Furthermore, given the recent 
LHC data, one could assume that the light Higgs boson will have SM like couplings, 
but current LHC precision admits some moderate deviations from SM. Thus, we shall 
include the 3-body decay h — y cbW~, which could receive an enhancement coming from 
the vertex ht*c. The total width for the littlest neutral Higgs boson can be approximated 
by 

T To tai « r(/i -»- 66) + T(h ->■ cc) + T(h -»■ ZZ*) 

+ r(fc-^WW*)+r(/i->c6W r -), (29) 

The decay width for the decay of the Higgs boson to fermion and anti-fermion pair at 
tree level is given by 



r (h -> fj } 



9 2 m h 



in 



Hit 

mi . 



of _|_ p/ 
°i7"l i -Mil 



+ 



c/ _ pf 
°ijl r ijl 



m, 



mi 



-Re 



(30) 



[Siji + Piji) [Siji P%j\ J 

In general, the couplings S{j t and P^ are given by the equations (jHJ) and (jH)) for any of 
the proposed scenarios. Now, the decay width into a real W and virtual W* is given by 

m 



T(h^ WW* 



9 m h 2 /m w 
cos (fc'12) F 



1287T 3 

While the decay width h —y ZZ* is given by 



(31) 



T(h-y ZZ*) 



g q m h „(m z \ 2 

:F I ) COS 



7 12, 



2048vr 3 Vm^/ 

7 40 • 2 /1 1 160 „• 4 n 

I — 3- sm U\y H — g- sin (714/ 



cos 4 ^ 



IV 



(32) 



where 



Ffx) 



- 1 



x 



^-x 2 - H + J_] _ 3 (l - 6x 2 + 4x 4 ) In (x) 



1 - 8x 2 + 20x 4 , 

+ 3 ; = COS 



x 
'3x 2 - 1 



(33) 



y/Ax 2 - 1 V 2x3 J ' 

It is possible to write the explicit expressions of the total decay width for each scenario. 
However, the section 13.31 shows the behavior for the branching ratio and the CP 
asymmetry coefficient. 



3.2. CPV decay asymmetry 

In order to find the CP asymmetry coefficient we also need to calculate the conjugate 
decay. We denote the average amplitude of the conjugate decay as 



\M\ = \Mi\ +\M, 



+ MiM 2 + M2M 1 . 



(34) 
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t2 



The square terms are the same as the above, 7Wi,2 = l-Mi^l , while for the interference 
terms we have 

4 

MlMi + MlMx = ^qnV cb P w (k) (M^p 2 -p 3 ) 

iviw 

+2 Pl ■ p 2 pi ■ Ps) [Re (^31 + A" 3 i) MPt) 

+Im(^3 1 + P« 1 )Im(P t )]. (35) 

The CP asymmetry coefficient is defined as 

A CP = IW+hc ~ IW-re (36) 

1 h-*W+bc + *■ h-^W~bc 

Therefore, the CP asymmetry coefficient of the decay in general 2HDM is given by: 

A C p = Vagii-^Im (S% 31 + -P^i) I ^231 — ^231 1 h + I ^231 + ^231 1 ^2 

+ \V cb \ 2 q 2 u h + qnV cb Re (S% 31 + P 2 " 31 ) J 4 ] "' , (37) 

In case of CP explicit violation or CP conserving the asymmetry coefficient is written 
as 

Im (X23) h 

/a(012,013j/3,X23) 

or 

I 5 Im (X23J 
/ B (a,/3,X23,m/ l )' 
respectively The f A and / B are defined as 

I 3 V cb v cos 6>i3 sin f3 



K+WSo = ~* ,n no.. ^ (38) 



K+Wtc = < .I a \™L T » (39) 



/ A = J 4 Re(x23)-v / 2 



y/m c m t tan ^12 



i2 



X23I y/rn c m t tan 6 



12 



and 



-(/i+/ 2 ) ia ' x . : fl (40) 

V2v sin ^ cos 0i3 

f B = 7 4 Re (X23) — v2 z — sin /3 tan (/3 — a) 

y/m c m t 

I I 2 / 

Y23 \/m r mf 
~ (h + h) ^ IX23 ' V / : (41) 

\l Iv sin p tan (p — a) 

3.3. Numerical results 

The central numerical values for the SM parameters are the reported by [52J. 
Nevertheless, the mixing angles, texture parameters and neutral scalar mass are free 
parameters of the 2HDM. However, If the neutral scalar is considered like the Higgs 
boson scalar in the SM, the current experimental results and data analysis allow to take 
a central value equal to 125 GeV for the neutral scalar mass [2]. Additionally, the ratio 
of the vacuum expectation values, (3 parameter, is bounded by the region 1 < tan (3 < 50 
[521. 
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Figure 3. Branch- 
ing ratio of the de- 
cay h — > cbW~ for 
(#12) #13) bellows to 
region [0, 1] x [0, 1] 
taking \x\ = 0.1, 8 — 
0.01 and tan/3 = 1 in 
scenario A. 



Figure 4. Branching 
ratio of the decay 
h — !> cbW~ for 
(a, j3) bellows to 
region [0, w/2] x 
[arctan 1, arctan 50] 
taking \x\ — 0.1 and 
S = 0.01 in scenario 
B. 




Figure 5. CP 

asymmetry of the 
decay h — > cb~W~ for 
(#12, #13) bellows to 
region [0,1] x [0,1] 
taking |x| = 0.1, 
S = 0.01 and 
tan/3 = 1 in scenario 
A. 



Figure 6. CP 

asymmetry of the 
decay h —> cbW~ 
for (a, j3) bellows 
to region [0, n/2] x 
[arctan 1, arctan 50] 
taking |x| =0.1 and 
S = 0.01 in scenario 
B. 
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We have noted that the texture parameters, x-iji have a small contribution in the 
branching ratio for both considered scenarios. Then, % 2 3 = X elS are taken as same 
magnitude order as the CKM parameter, that is, x ~ 0-1 an d 5 ~ 0.01. In figures and 
the dependence of the branching ratio on the mixing angles is shown. The textures 
parameters controls the magnitude order of the CP asymmetry coefficient defined 
previously, see (J3J), ([6]). The CP asymmetry coefficient behavior is shown in figures 
and for the same numerical values of %23- 

4. Conclusion 

In summary, we have considered a general scalar potential written in U(2) covariant 
form and the Yukawa couplings of the tipe III with 4-texture ansatz. Under these 
assumptions the CP violation such as spontaneous or explicit from scalar sector are not 
the only source but Yukawa couplings contribute. For sake of simplicity, the spontaneous 
CP violation phase was assumed to be zero and the CP asymmetry coefficient has been 
obtained. The CP asymmetry coefficient not only depends of mixing angles but texture 
parameters of the Yukawa couplings. The explicit CP violation and CP conserving 
possibilities have been considered for scalar sector, which were named as scenario A and 
B respectively. The CP asymmetry coefficient has the order of magnitude from to 
10 -2 for both scenarios. 

The total width decay in the considered model was approximated by the fl29|) . 
Then an approximated expressions for the branching ratio of the decay h — > cbW~ 
were obtained for the proposed scenarios. The order of magnitude bellows to range 
[0, 4 x 10~ 5 ] for < #i2,i3 < 7r /2 taking scenario A, meanwhile the order of magnitude 
bellows to range [0, 6 x 10~ 5 ] for < a < ir/2 and 1 < tan/3 < 50 taking scenario B. 

The decay h — > cbW~ is a important signal for this type of model, 2HDM-III, which 
could be discriminated from others types of models. 
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Appendix A. The integrals I, 

Defining the dimensionless variables as ( x, y ) = ( ^-, ^ 1 1, p.\ — ^%, [i 
and T 2 = — r, the integrals are 



m 



h ' '"7i' 



^2 



h= / / [[x + y-l-^+^Y 1 

J J rtxy 

[4/Ui (x + y - ix\ - 1) (x + y + nt - 1) (2 - x - y) 
2 (x + y - Hi - 1) (2 - x - y) 
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Figure Al. Numeri- 
cal integrals ii.4,5. 



Figure A2. Numeri- 
cal integrals 72,3- 



- (x + y - 1) (1 - x + pLi) 

-2y x (x + y - 1) (x + y - \i\ - 1) (1 - y - yx)] dxdy, 

(I ((x + y-l-yf + yT 2 )' 1 

J J tt X y 

[2/i/i! (x + y - y x - 1) (1 - y - y x ) 
y (1 — x + /ii)] dxdy, 



B.v 



\-2 



x — 1) /ii (1 — x + yi 



+2 (x + y - yx - 1) (1 - y - yi)} dxdy, 



x + y — 1 — y) + yT ) (1 — x 



-i 



// 



+2^-(x + y + y 1 -l)(l-y-y 1 ) 
Mi 

+^/Xi (1 - x + /ii)] (x + y - y) dxdy, 



-K-x 



((x + y-l-y) 2 + yT 2 ) * (1 



;r 



/' 



-2— (x + j/ + //i - 1) (1 - y - //i, 

Mi 

+/i/xi (1 — x + /ix)] y/yTdxdy, 



where the R xy region is defined by 



., ^2-x-^x 2 - 4/ixj < y < - ^2 - x + \jx 2 - 4/xi 
and 

2 v / mT < x < 1 + y\. 
In figures \K\\ and R21 the dependence of the integrals I\ 5 on the scalar mass h is shown. 
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